TWO-WEEK LOAN COPY

This is a Library Circulating
•.
• -3-amounts of power from 50 to about 250 watts at frequencies between 2500 and 3300 mc. Power supplies used to operate the tube must be very well
• regulated to keep the output stable because both frequency and power level are strong functions of input voltages. Microwave power as shown • in Figure 1 travels through an isolator which prevents damage to the • BWO from the large reflected power encountered during tune-up. An E-H
• tuner located after the isolator optimizes energy transfer to the cavity.
In order to calculate specific enhancements, the power incident on the cavity must be known accurately. Some of the power traveling toward
• the cavity is sampled by a 10 db. directional coupler from which it is sent through an FXR 0 to 50 db. attenuator (model S164A), into a Narda model 534 bolometer holder containing a. Narda N605 bolometer. AHewlettPackard 1430CR microwave power meter indicates the power reaching the bolometer. During the study of V0 2 ions, uncertainties in power measurement are believed to have been a major source of inaccuracy, resulting in a scatter of about ± 3% in the measured specific enhancements.
Another directional coupler with an attenuator, crystal detector and • • crystal current meter indicates the po1wer reflected from the cavity.
During tune-ups this signal is uséd.to set the microwave frequency
• exactly on cavity resonance.
•
The cavity itself is a special, parabolic design, which was chosen after considerable experimentation with alternate designs. It is • derived from a rectangular TE 011 mode cavity with the narrow rectangular • • wall replaced by a parabola. Since the perturbation is in a inodeless dimension, little change in resonant frequency of this mode is expected, -;
and the only change in RF magnetic field distribution will be an increase .-1 -in field intensity.at the narrow (samp1e) end of the ca'ity. The cavity is constructed of 0.01 inch silver sheet, soft soldered at all joints.
Included is a "T" shaped quartz sample tube. A Q, of about 5000 has been observed with the sample tube empty. With the 0.01M salt solutions normally used, Q, is about 3000 with nearly critical coupling at 3110 mc.
The solutions are flowed through the cavity in order to limit temperature rise and to optimize both MvIR sensitivity and cavity geometry.
Sample solution is flowed into both ends of the 5 mm. ID. quartz sample tube and out at the center through .the 3 mm. tube containing the M4R coil.
The optimum flow rate for .01M V0 was 0.92/mm. At this flow rate the power used for saturation (normally 70 to 100 watts) will cause a temperature rise of less than 1.5 0 C for the solution inside the cavity.
The sample is continuously recycled by pumping with an immersible "Teel't pump (model 1P597). Just before entering the cavity the sample passes through a coiled stainless steel heat exchanger which is immersed in a water bath.
The object of this design is to leave the sample in the microwave magnetic field for a time long compared to the nuclear spin-lattice relaxation time T 1 (nuclear), then to get 'it out of the cavity and into the IMR coil in a time short compared to T 1 (nuclear). This is because polarization both builds up and decays exponentially with the time constant T1 (nuclear). As a measure of the success in achieving this, the observed polarization in the apparatus described is about one-half that which would be obtained in the same cavity if the sample were not 'flowing. Nuclear spin-lattice relaxation times in water are inversely proportional to the concentration of paramagnetic ions, therefore the optimum flow rate is proportional to paramagnetic ion concentration.
The NMR used is a conventional, transistorized, 2 marginal oscillator. Magnetic field modulation and phase detection are used and the signal is displayed on a recorder. The NMR frequency is also used to measure the static magnetic field which is generated by a Varian
In a typical experiment, the DC magnetic field is swept back and forth over a very small range covering the NMR line. NMR signals are recorded with microwave power off for several sweeps, then with power
• on, then off, then on, etc. Duriiig the power-on periods, the microwave frequency is kept exactly on the cavity resonance, and power input is
The average signal intensity (height from NMR derivative peak to
• peak) is found and a specific enhancement E 100 computed..
• = (i ave. signal with power on 100 100 ave. signal with power off power input in watts • E100 is the enhancement normalized to that which would be observed at 100 watts output. From a number of experiments it has been concluded, in agreement with expectations for short T 1 (electronic), that at any given field, E100 is independent of the actual power input used. At
• very high powers (higher than are normally used, say 150 watts and up) a slight "enhancement" which is independent of DC magnetic field can be observed. This is probably due to heating of the water sample and subsequent change in NMR level Specific enhancements are measured at a number of fields chosen
• to coincide with line centers or simply regularly spaced fields used for r research purposes. Enhancements are then plotted, as a function of field.
• to give an enhancement spectrum.
• The quantity E100 Is dependent upon flow rate, cavity Q,. and • The one unusual feature of this spectrometer is its cavity which is made of a block of fused quartz 2 13/16" x 1 5/16" x 3/8" with a
• 3/16" hole drilled through the exact center of the 2 13/16" x 3/8" faces.
• • The block is coated with silver on five sides to a thickness of 2x10 inch.
This was done by rotating it in a vacuum over a pot of boiling silver.
Several other methods of coating which were tried gave unsatisfactory results. During the process, one face, 3/8" x 1 5116" was masked off, as was the inside of the 3/16" hole through the blQck. The coated block
• was soft soldered to a sheet of 0.01 inch silver sheet with a 3/8" coupling hole, the uncoated race butting against the sheet and centered on the coupling hole. The 0.01 inch sheet was soldered, with the coupling hole centered, to the open end of an S-band copper waveguide. The whole cavity was then coated with epoxy glue for rigidity and to preserve the silver coating. Modulation coils, :l"'in diameter, were attached to the broad faces of the cavity.
The cavity resonant frequency as 3120 mc and the unloaded Q, is about 4500
The observed sensitivity of this spectrometer for V0+2 in aqueous solution is .just about equal to that of the Varaa.n X-band,
.100 kc. modulated, VLi.500 spectrometer. One normally would expect that a 3000 inc spectrometer should be less sensitive than one using 9000 mc
The difference is made up by the possible use of a. larger sample due to the fact that water solutions are less lossy at the lower frequency and by the cavity design. For convenient temperate control the sample is pumped through a heat exchanger coil in a water bath, and continuously recycled.
III. Samples VOS% solutions were made by dissolving a weighed amount of VOSO.5H 20 in water. vo(cl0) 2 solutions were made by adding the proper amount of Ba(Cl0j ) 2 to a V0S0 solution and filtering out the BaS% precipitate.
These solutions gave negative tests for the presence of Ba+2, S0 2 , and Cl --To slow the air oxidation of ITO+2, all solutions were adjusted to pH 3 with HC1%.
Samples were not degassed. Experiments with solutions saturated in 02 indicate the broadening at 300 due to oxygen from dissolved air is less than 0.1 gauss. Interest, however, attaches to the fact that the lines are all of different widths. In Figure 3 all eight lines have the same integrated intensity , but different widths give a complex, unsymmetrical pattern. Tables III and IV of reference 1.
SPIN-SPIN RELAXATION TIMES
Line widths of the eight hyperfine components were measured by two methods. The separation of the positive and negative peaks in.the first derivative spectrum can be directly measured. One can also measure the relative height of the signal between the positiveand negative peaks.
One obtains from this the relative line widths by using the relation, strictly true only for identical line shape functions, that the square of line width is proportional to first derivative line height. We find .
these two methods are consistent within our experimental error.
, :\' '1 ?1
Relative line widths from direct measurement agree with those derived from line heights although line height measurements are both easier and more precise, and we obtained a precision of ± 1%. For this work we directly measured the narrowest line, m = -3/2, which is the th.rd line up from low field, and then from line heights calculated the other line widths. This same method has been used by other authors. 1 ' 5 ' Other corrections which may be applied are small but important. The p corredtion factor was calculated using the formula in the theoretical section with the assumption that t = 3 x 10 11 sec. The observed enhancements should be multiplied by this correction.
• . Ourexperimental apparatus, involving the flow system, makes H enhancement a function of the total value of T 1 (nuclear). If T1 (nuclear) is increased, enhancement does not build up to as large a value during the time the sample spends inside the microwave cavity. If T1 (nuclear) H H • is decreased, enhancement decays more rapidly and falls to a lower value before reaching the M , 2 detection coil. These effects would require a magnetic field correction for an arbitrary concentration of VO 2 ions, but we choose a concentration at which the correction is small. In .OLM vo2 and at the flow rate used T 1 (nuclear) is such that the observed enhancements are nearly independent of any small.changes in T 1 (nuclear)
caused by changing the magnetic field. Beyond the limits of .005M and .02M enhancement becomes a strong function of T1(nuclear).
Approximate a corrections were calculated from the terms in Tables  ±  ±±  ±:+  III and IV of reference 1 The 1/T1e data can be fit to a power series in rn as shown in Table V. It is probably a good assumption that a1 is equal to the a1 predicted by Kivelson's theory plus the cx.2 ' found from the linewidth data. If this assumption is made, one finds as shown in Table VI 
CONCLUS IONS
• The results in Table VI show that the dynamic nuclear polarizatior spectrometer can yield precise relative Tie values after proper treatment
• of the experimental data. The only appreciable deviations between the theory of relaxation1 and our experimental data for V02 are in the terms linear in the nuclear magnetic quantum number. We also find that the term M which is not explained in Kivelson's theory has a small field dependence in going from 1,000 to 3,000 gauss. 
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